Abstract. In recent years, the quality safety problem of pork occurred frequently, and it brought bad influences for health of people and stabilization of society. Evaluating the quality safety of pork scientifically has great significance for keeping quality safety of pork and effectively supervising quality safety of pork. Therefore, the Delphi method and the expert investigation method are chosen to establish the risk evaluation index system for quality safety of pork. Then, the AHP-Fuzzy model for risk evaluation for quality safety of pork is established, which intends to offer a new path or method to evaluate quality safety of pork for government, consumers and producers. And to ensure the scientific and validity of the model we carry out a series of empirical research.
Introduction
China is the greatest pork-producing and pork-consuming country in the world. The pork production accounts 46% of the total production of the world, and per capita availability in China is 2.3 times the amount of that in the world. But the quality safety of pork in China is of poor circumstances; it not only affects the health of domestic consumers, but also severely restricts the increase of competitive abilities in international business [1] . Evaluating the safety of pork scientifically, effectively and objectively, not only helps businesses recognize wisely their own quality problems and deal with these issues promptly to gain sustaining competitiveness but also provides reasonable decision making basis to government department concerned and plays an important guiding role in the choice of consumers.
In our country up to now, there is not yet a systematic and comprehensive study on the evaluation of quality safety of pork due to its late initiation. There is little literature for reference. Liu Xuewen and others used Delphi method and documentary analysis to construct the comprehensive evaluation index system of the risk of quality and safety, which is consisted of three primary indexes and twenty secondary indicators. While the index system is too complex to apply; Xi Weidong used fault tree analysis method and fault box analysis method to construct a "two-three structure" risk system of pork and "WHW structure" about the chain security. They establish a three-dimensional index system and algorithm [2] . But these steps are cumbersome, error-prone and inconvenient to use. Thus it may be known, risk evaluation quality safety of pork is a new field worth to further study, whether for the actual needs or theoretical exploration.
This paper on the basis of existing theory including the relevant national standards and industry standard, focusing on the pork's impact on human health, constructs an integrated assessment model on the evaluation index system of the risk of pork by combining the analytic hierarchy process (AHP) and the fuzzy technology. Case analysis shows that the model in this paper is scientific, reliable, simple, practical and easy to be implemented by computer.
Risk Evaluation Index System of Quality Safety of Pork
To establish a complete, scientific, overall comprehensive assessment system and evaluate the risk of quality safety of pork, it's all characteristics affecting the safety of pork must be fully taken into account and combined with the actual situation of Chinese enterprises. The design of the index system should follow the following principles: scientificity, completeness and operability. The design should ensure the index system is comprehensive, the related metrics are easy to be measured and the system reflects the comprehensive situation of quality safety of pork accurately. In accordance with the foregoing principles and considering the opinion of experts and refer to the relevant standards, we establish a comprehensive evaluation index system of quality risk of pork, which is consisted of the target hierarchy, the rule hierarchy and the measure hierarchy. The rule hierarchy includes three primary indexes and the measure hierarchy includes fourteen evaluation indexes, which are shown in Tab 1. To determine the quantity of the indicator values of heavy metal and agricultural veterinary medicine residual, we should do experiment, according to relevant quality test standards, to get the amount in mg/kg of residue in 1kg pork, while for the indexes of biological, such as the total numbers of colony and e. coli the unit is cfu/g and MPN/100g. 
The AHP-fuzzy Model for Comprehensive Risk Evaluation of Quality Safety of Pork
Analytic Hierarchy Process (AHP) is a hierarchy weight decision-making analysis method and particularly suits for the evaluation decision of the complicated problem. It was proposed by Saaty, an American operations researcher in the early 1970s. AHP analyzes problems by constructing hierarchical structure to make the evaluation be digital and AHP has a wide range of applications and industrial base. The fuzzy set theory is a method of mathematics to solve fuzzy problem. And it was proposed by L.A. Zadeh, a cybernetician at the University of California, United States. There are many influencing factors of the safety of pork. Here, we combine AHP and Fuzzy to establish the risk evaluation model of quality safety of pork.
Assign Weights to the Evaluation Indexes with AHP
The factors associated with decision are divided into the target hierarchy, the rule hierarchy and the measure hierarchy through AHP. And on this basis, the decision-making issues that include both quantitative and qualitative factors can be analyzed. Generally, using the Analytic Hierarchy Process (AHP) to calculate every index's weight involves four basic steps: set up a Hierarchy structure model; invite experts to use 1~9 scales method to judge the hazards of different indexes; establish judgment matrix; calculate relative weight, and test consistency. The detail description of the algorithm can be found in reference [4] [5] .
To confirm the weight of each index, two factors should be taken into account, one is the severity of the impacts on safety risk of the pork, and the other one is the elimination of risk. For example, in spite of the great harm to the body the biological risk can be eliminated as long as it's handled properly and cooked thoroughly. Thus, the weight of the biological risk shouldn't be too high.
Calculation of the Membership Function Value
Before calculating the membership function value of the indexes, we should grade the degree of their safety. The evaluation set formed by hypothesis comments from high to low is:
The grade classification of safety risk indexes is different from that of general quantitative indexes, inserting four equidistant points in the minimum critical value and the maximal critical value is undesirable. And in grading, the main consideration is the effects on human health. According to a survey of consumers, expert opinions and the general way of quality classification, referring to the relevant standards, in the criteria limit interval [0,
, we insert three equidistant points, a ij (1) , a ij (2) , a ij (3) ,and release to 4 certificates-excellent, good, medium, qualified. To calculate the membership function value, get the point a ij (5) out of the limit interval, and the index that index value falls in (a ij (4) ,a ij (5) ] is unqualified. The specific classification conditions are shown in the Tab 2. Because in the risk evaluation index system of quality safety of pork, different indexes have different metrics, it's difficult to compare the indexes with each other. We should calculate the estimation (its membership function value) before the comprehensive evaluation of quality safety of pork. The process to calculate the value should be objective essentially. While because of the huge difference on understanding and comprehension to the fuzzy above the different people, the process to calculate the membership function value is inevitably subjective. It is generally decided on experience, statistics or consulting experts.
The involving indexes in the risk evaluation index system of quality safety of pork are harmful if taken in large dosages, and they belong to the cost type indexes (the lower the better type). u ij is the actual value of index X ij . Thus, the membership grade of evaluation index X ij attaches to grade t is as follows: (1) (1)
(1) 
Where, t=2,3,4; x ij (t) is the membership grade of evaluation index X ij attaches to grade t; a ij
=0, a ij (4) , is the restricted value of index X ij . For example, the actual value of total mercury content is 0.018mg/kg. Substituting a 11 (1) =0.01, a 11 (2) =0.02, a 11 (3) =0.03, a 11 (4) =0.05, a 11 (5) =0.06 into Equation (1) . And the value of membership function is x 11 = (0, 0.2, 0.8, 0, 0).
The Basic Steps of AHP-fuzzy Model
The basic idea of using the AHP-Fuzzy method to evaluate the quality safety risk of pork is that the large number of indexes is divided into several sets of criteria according to their different nature, which leads every set of criteria includes fewer indexes. Every set of criteria is evaluated firstly, and then all elements are evaluated comprehensively [9] .
(1)The index set X is classified as m sets of criteria-X 1 ,...,X m and meet: x is a membership degree of the j-th index of the i-th element ij x in regard to the t-th grade of the evaluation set, "o" is fuzzy composition operator. In this paper, we let the fuzzy composition operator be M(⊕), for it can consider the weight of each element as a whole.
(5)After the m elements of X are evaluated, the total evaluation matrix B=(B 1 ,…,B m ) T can be achieved. So the value of the comprehensive evaluation is A=WoB, then the fuzzy comprehensive evaluation conclusion is given based on the principle of maximum degree of membership.
Empirical Study and Results Analysis
We randomly selected 50 frozen pork samples in a terminal-market in north China, on 28 March 2016, with proven reliability by quarantine departments. And the weight of sample is 1kg at least. Take the sample to relevant laboratories, do experiments and record data. We use the method above to evaluate the quality safety risk of pork. The detailed steps of evaluation are as follows:
(1) Establish the comprehensive evaluation index system of the quality safety risk of pork (See Tab  1) .
(2) According to AHP, the relative weights of each element and each index can be determined. The set of criteria layer weight vector and index layer weight vector are shown in Tab3. (3) Calculate the value of membership function. Average the observed data up and process the data according to the Equation (1). There's not space to cover the observed data in depth here. Take the index-heavy metal residue for instance, the fuzzy evaluation matrix of each index of the "Heavy metal residue" is as follows: 

In accordance with the principle of maximum membership, the comprehensive evaluation grades for each set of criteria of the pork in terminal-market, which are shown in Table 4 . In accordance with the principle of maximum membership, we can speculate that about 80% of the pork, the security situation is "Good" or "Excellent". Combined with the Tab 4, we can speculate the main element that restrict the development of the quality safety of pork in the terminal-market is "Agricultural veterinary medicine residual". The related organization should reinforce the management on controlling the agricultural veterinary medicine residual.
Summary
Evaluating the risk of quality safety of pork scientifically is of great significance for monitoring it. The evaluation model of quality safety of pork based on AHP-Fuzzy is described in this paper, using the combination of qualitative and quantitative, expert evaluation and scientific computing complementary analysis method. It has the characteristics of systematic and comprehensive, scientific and reliable, simple and practical. Compared with previous scheme, it can help make up the imperfections such as the lack of accuracy, comprehensiveness and other dimensions. The method provides certain theoretical guidance for the comprehensive risk evaluation of quality safety of pork. Theory analysis and application instance verify its usefulness and efficiency. It has the certain practical value and the promoted value. Practical applied results show that the method can not only determinate the level of comprehensive quality safety of pork, but also give advice for consumers, suppliers and related organization on item selection management or decision-making.
